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Article
Physical exercise in rats with ePilePsy 
is Protective against seizures
Evidence of animal studies
Ricardo Mario Arida1, Fulvio Alexandre Scorza2, Vera Cristina Terra3,  
Roberta Monterazzo Cysneiros4, Esper Abrão Cavalheiro2
abstract – People with epilepsy have been discouraged from participating in physical activity due to the 
fear that it will exacerbate seizures. Clinical and animal studies indicate a reduction of seizure frequency as 
well as decrease susceptibility to subsequently evoked seizures after an exercise program. Analyses from 
experimental studies of animals with epilepsy submitted to physical training programs were performed. In 
all studies the physical training was able to reduce the number of spontaneous seizures in rats with epilepsy. 
Seizure occurrence during exercise was relatively absent in the majority of studies. No death was found in 
animals with epilepsy during 1680 h of exercise. Based on these results it is plausible encouraging persons with 
epilepsy to non-pharmacological treatments and preventative measures such as physical exercise.
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exercício físico em ratos com epilepsia como fator protetor contra crises epilépticas: evidencias de estudos 
em animais 
resumo – Pessoas com epilepsia têm sido desencorajadas da prática de atividade física por receio do 
exercício físico exacerbar as crises epilépticas. Estudos clínicos e em animais mostram uma redução da 
frequência de crises, assim como diminuição da susceptibilidade a crises subseqüentes após programa de 
exercício físico. Neste estudo realizamos uma análise de estudos experimentais de animais com epilepsia 
submetidos a programas de exercício físico. Em todos os estudos, o treinamento físico foi capaz de reduzir 
o número de crises espontâneas em ratos com epilepsia. A ocorrência de crises durante o exercício físico foi 
relativamente ausente na maioria dos estudos. Nenhuma morte foi encontrada em animais com epilepsia 
durante 1680 h de exercício físico. Baseados nestes resultados parece aceitável encorajar as pessoas com 
epilepsia a tratamentos não farmacológicos e medidas preventivas como o exercício físico. 
PAlAvrAS-ChAvE: exercício,treinamento físico, epilepsia, crises, rato.
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whether people with epilepsy can engage in physical 
fitness programmes, recreational or competitive sports, 
has been debated for years. To this point, substantial ev-
idence indicates positive effects of physical exercise on 
epilepsy. The literature demonstrates that epileptiform 
discharges on EEG decrease during exercise1-3. Physical ac-
tivity reduces seizure frequency, as well as lead to im-
proved cardiovascular and psychological health in persons 
with epilepsy4. It has been also observed that fewer sei-
zures occur during both mental and physical activity com-
pared with periods of rest5. other studies have suggest-
ed that exercise raises seizure threshold and may confer a 
protective effect on epileptic patients3,6. Seizures during 
exercise are rare, but there are a few reports of exercise-
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induced ictal events7,8. however, the existing clinical data 
on the impact of exercise on patient outcomes have limi-
tations. There is a lack of prospective studies, studies ex-
amining behavioral aspects and studies using appropriate 
controls. due to limitations of existing data, several ani-
mal studies have been performed to evaluate the effects 
of a physical exercise program on seizure frequency. 
Experimental studies have demonstrated a positive ef-
fect of physical exercise in animals with epilepsy9-13. re-
duction of seizure frequency10-13 as well as decrease sus-
ceptibility to subsequently evoked seizures after an aer-
obic training program has been observed14. 
Based on the animal studies mentioned above, we 
aimed to analyze data from all studies of animals with 
epilepsy submitted to physical training programs. The pur-
pose of this data review as to emphasize and clarify the 
positive information concerning physical exercise impact 
on epilepsy. due to several methodological variations, we 
excluded studies performed in enriched environment, with 
adolescent animals, and animal submitted to acute proto-
cols of exercise (few bouts of exercise). Because of limited 
studies with animal with epilepsy, results are concentrat-
ed on the pilocarpine model of epilepsy, an experimen-
tal model that mimics the human temporal lobe epilepsy.
Method
we analyzed data of 70 adult animals with epilepsy submitted 
to physical training program colleted from previous studies10-13. 
Briefly, adult wistar rats weighing 200–280 g at the moment 
of the initial physical training protocol were used. They were 
housed under environmentally controlled conditions (7:00–
19:00 hr light/dark cycle; 22–24oC) and permitted free access 
to food and water throughout the experiment. Sustained sei-
zures were induced by a single i.p. administration of pilocarpine 
hydrochloride (350 mg/kg; Sigma, St. louis, Mo). Scopolamine 
methylnitrate (Sigma, St. luis, Mo) was injected (1 mg/kg, s.c.) 
30 min before pilocarpine in order to reduce peripheral cholin-
ergic effects15. The same procedure to induce epilepsy was used 
in all studies. Following the status epilepticus period, the sur-
viving animals were continuously monitored during 24 h for de-
tection of spontaneous seizures, using a video system. Infrared 
emitting lights were used during the dark periods to allow for 
video recording of animal activity during this time. After a first 
spontaneous recurrent seizure (SrS) had been detected animals 
were continuously monitored to assess seizure frequency. The 
behavioral observation was monitored before, during and after 
the physical training program. To determine the number of sei-
zures during these periods, two observers were recruited for all 
this behavioral analysis. 
rats with epilepsy were also submitted to a voluntary and 
forced exercise. Animals submitted to the voluntary exercise13 
were placed in a voluntary wheel running. Animals submitted to 
the forced exercise10-13 were placed in a motor driven treadmill.
Physiologic tests
Maximum o2 uptake – (vo2 max) was measured to determine 
an exercise protocol of adequate intensity (60% vo2max). vo2-
ma was measured with an open-circuit system (Columbus Instru-
ments oxymax System). The testing protocol for determination 
of vo2max was as follows. After a warm-up at 12 m/min on a 0% 
grade for 5 min, treadmill speed was increased by 3 m/min every 
3 min until animals refused to run. The vo2 measurements were 
realized before and at the end of the physical training program. 
Training procedure
The animals of the training group were familiarized with the 
apparatus for three days by placing them on a treadmill (Colum-
bus instruments) for 10 min/day at a speed of 12 meters/min at 
0% degree incline. To provide a measure of trainability, we rat-
ed each animal’s treadmill performance on a scale of 1–5 ac-
cording to the following anchors [1=refused to run, 2=below av-
erage runner (sporadic, stop and go, wrong direction), 3=average 
runner, 4=above average runner (consistent runner occasionally 
fell back on the treadmill), 5=good runner (consistently stayed 
at the front of the treadmill)]16. Animals with a mean rating of 3 
or higher were included to the exercise groups. This procedure 
was used to exclude possible different levels of stress between 
animals. Subsequently they were submitted to an aerobic exer-
cise program of 45 sessions on a treadmill, 7 days per week. The 
intensity of exercise (60% vo2max) was determined for each an-
imal after the maximum o2 uptake test. Each training session 
started with a 5 min warm-up at 12–15 m/min. running time 
and speed gradually increased from 30 min at 18 m/min during 
the first 3 days to 60 min at 18–22 m/min during the subsequent 
days. Exercise intensity was similar for all animals. For one study 
the duration of training for one group of animals was of 10 day. 
The animals submitted to the voluntary exercise were placed in 
a voluntary wheel running with free access a food and water.
results
Behavioral features of pilocarpine-induced seizures 
during the acute period were similar to those reported 
previously15. The behavioral pattern of SrS showed the 
same characteristics described by Cavalheiro et al.17. Brief-
ly, SrS consisted by facial automatisms, forelimb clonus, 
rearing, loss of postural control, and generalized clonic 
seizures. In all studies10-13 the physical training program 
was able to reduce the number of spontaneous seizures 
in rats with epilepsy. detailed data of seizure frequency 
can be reviewed in previous studies10-13.
Concerning the analysis of seizure occurrence dur-
ing exercise we noted a total of 7 seizures in all studies. 
Three out 70 animals had seizures in the treadmill; two 
animals presented 3 seizures each during exercise in the 
first study10 and one animal presented 1 seizure during ex-
ercise in the following study11. Interestingly, 4 animals pre-
sented 1 seizure, 1 min post-exercise10,11. No seizures were 
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observed during the maximum oxygen uptake test before 
and after the training period. In the voluntary wheel run-
ning, no seizure was observed in the study that utilized 
this device. In addition to seizure frequency, no death was 
found in animals with epilepsy during 1680 h of exercise 
and between exercise periods, i.e., the following 23 h be-
fore and after the episode of exercise. 
discussion
whether exercise is helpful, harmful, or simply has no 
impact on seizure frequency has been debated for years. 
The reduction of seizure frequency was clearly noted in 
all animal studies that analyzed the effect of exercise on 
epilepsy10-13. From 70 animals that underwent to physi-
cal exercise only three presented seizures. To this point, 
these data represent a very low probability of exercise-
induced seizures. This limited number of seizures during 
long period of exercise (1680 h), strengthen this fact. In-
deed, seizures exacerbated by physical exercise are un-
common in humans7,9,18. one study19 found that only 2% 
of patients with epilepsy had exercise-induced seizures 
(defined as seizures in >50% of training sessions). we also 
might suggest that in refractory epilepsy, the possibility 
of exercise to provoke seizure could be increase. To rein-
force the findings cited above, a study evaluating physical 
exercise in woman with intractable epilepsy showed a de-
creased the number of seizures during the aerobic physi-
cal training period20.
An interesting observation in our study was related to 
sudden death during exercise. Although it is not the focus 
of our study, we have to point out that epilepsy is associ-
ated with a two- to three-fold increase in mortality com-
pared to the general population and sudden unexpected 
death in epilepsy (SUdEP) is the most important direct 
epilepsy-related cause of death21. The examination from 
all studies of animals with epilepsy submitted to physical 
training did not show any sudden death while exercising 
at aerobic exercise, at maximal effort (anaerobic) or dur-
ing the training program period, that is, the remarkable 
1680 h hours of exercise without any death occurrence in-
dicate that physical activity may not be considered a risk 
factor for sudden unexpected death in epilepsy (SUdEP). 
Information concerning risk factors for SUdEP is con-
flicting, but potential risk factors include: seizure fre-
quency, age, early onset of epilepsy, duration of epilep-
sy, uncontrolled seizures, mainly in the TlE, seizure type, 
AEd number22 and winter temperatures23. Potential path-
omechanisms for SUdEP is unknown, but it is very proba-
ble that cardiac arrhythmia during and between seizures, 
electrolyte disturbances, arrhythmogenic drugs or trans-
mission of epileptic activity via the autonomic nervous 
system to the heart play a potential role21. Physical activ-
ity reduces seizure frequency as well as lead to improved 
cardiovascular and psychological health in persons with 
epilepsy19. To our knowledge, there is only a case report 
study that evaluated a witnessed case of probable SUdEP 
in an individual who was performing exercise24. howev-
er, this case report could not be considered a classical 
SUdEP case, since he died two days later. Although there 
are some factors in exercise programs that could affect 
the epileptic disorder, such as, fatigue, hypoxia, hyper-
thermia25, hypoglycaemia25, dehydration and hyperventila-
tion26, any links at this point are largely speculative; these 
events occur in extreme conditions. A long term prospec-
tive study of exercise in patients with medically refracto-
ry seizures is required to answer this question. 
Another interesting point to be considered is the exer-
cise-induced stress. Physical and especially psychic stress 
is generally accepted as factors that precipitate seizures27. 
Stress is among the most frequently self-reported pre-
cipitants of seizures in patients with epilepsy28,29. Emo-
tional stress was the precipitant most often reported in 
Nakken et al. study29. This is not an unexpected finding, 
given clinical experience and the results of studies that 
have suggested a strong association between stressful life 
events and/or tension states and seizures27,30. Temkin and 
davis27 state that daily difficulties increase the risk of sei-
zure occurrence, while pleasant experiences seldom do. 
It has been also observed that fewer seizures occur dur-
ing both mental and physical activity compared with pe-
riods of rest30. The increased vigilance and attention in-
volved in exercise could explain the reduction in the num-
ber of seizures30.
during exercise, not only aerobic but intensive (anaer-
obic) physical activity increases serum lactate content and 
causes metabolic acidosis. A study conducted by Gotze 
et al.3 suggested that reduced epileptogenic EEG activi-
ty during exercise may be caused by an increase in GABA 
concentration as a consequence of metabolic acidosis. 
Additionally, contracting muscles produces lactic acid 
when anaerobic metabolism participates in the produc-
tion of energy, and this leads to a reduction of the plas-
ma ph value (metabolic acidosis).
on the basis of the available data presented and from 
clinical studies, seizures occurring during exercise are in-
frequent and reinforce the beneficial contribution of ex-
ercise to seizure reduction. Combinations of neuropro-
tective and anti-epileptogenic strategies have been effec-
tive for combating the disease progression31. In this line, 
we should have in mind that exercise could be a candidate 
to this intervention.
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